A LTHOUGH DIABETES AND heart failure commonly coexist, the treatment of diabetes in patients with both conditions is complicated because the popular oral insulin sensitizers are not recommended for treatment of patients with moderate-to-severe heart failure. According to the package insert, metformin is contraindicated in all patients with "heart failure requiring pharmacologic treatment" because of the increased risk of potentially lethal lactic acidosis. 1 Thiazolidinediones are not recommended for patients with "New York Heart Association class III or IV status" because these agents expand intravascular volume and may exacerbate heart failure. 2, 3 Despite these strong admonitions, limited data suggest that metformin is often prescribed in patients with contraindications. [4] [5] [6] Our objective was to determine the rates of prescription of these medications in a contemporary national sample of Medicare patients discharged after hospitalization for heart failure. Given the high prevalence of diabetes among populations with heart failure, this represents an unexplored area with significant potential implications for the safety of patients with both conditions.
METHODS The National Heart Care Project
The National Heart Care Project is a Centers for Medicare & Medicaid Services initiative to improve the quality of care for Medicare beneficiaries hospitalized with heart failure. This project included the construction of 2 crosssectional samples of Medicare fee-forservice beneficiaries hospitalized with a principal discharge diagnosis of heart failure (International Classification of Diseases, Ninth Revision, Clinical Modification codes 402.01, 402.11, 402.91, 404.01, 404.91, or 428). This method of case identification is considered specific for heart failure. 7 The first sample was obtained between April 1998 and March 1999 and the second between July 2000 and June 2001. All identified discharges during a 6-month period within each of the sampling frames within each of the 50 states, Washington, DC, and Puerto Rico were sorted by age, sex, race, and treating hospital. In each state, up to 800 records were selected; a census of records was obtained in states with fewer than 800 eligible records. Records were reviewed in central clinical data abstraction centers for demographic characteristics, medical history, laboratory evaluations, and medications taken at admission and prescribed at discharge. Data quality was ensured through the use of trained reviewers, electronic abstraction instruments, and record reabstraction.
Study Sample
The initial samples included 39 477 records from 1998-1999 and 39 405 records from 2000-2001. Patients without valid social security numbers, those undergoing long-term hemodialysis, and those transferred to another hospital or who left against medical advice were excluded. Only patients with the diagnosis of diabetes in the hospital record were included. Patients younger than 65 years and those not surviving hospitalization were excluded. After applying these criteria, samples of 12 505 records from 1998-1999 and 13 158 records from 2000-2001 were analyzed.
Medications
A complete list of admission and discharge medications was abstracted from the records. Patients prescribed insulinsensitizing agents at discharge were categorized in nonexclusive groups, including treatment with (1) 1 prescription patterns in patients with and without renal insufficiency using this definition were also assessed. The creatinine measurement closest to discharge was used to define renal insufficiency.
Other drug prescriptions at admission and discharge were also examined. To determine the proportion of new prescriptions for metformin and thiazolidinediones, admission use of both medications was assessed. Because metformin is contraindicated in patients with heart failure requiring drug therapy, 1 patterns of prescription of drugs commonly used to treat heart failure were assessed. Because fluid retention with thiazolidinediones is more common in patients also treated with insulin, 2,3 use of oral agents was also assessed according to concomitant insulin prescription at discharge.
Statistical Analysis
The proportions of patients treated with different classes of antihyperglycemic agents were calculated for both samples. To account for the National Heart Care Project sampling design and to estimate the national prevalence of medication use, probability weights, based on inverse sampling fraction for each state, were applied. Bivariate comparisons between treatment proportions between the 2 samples were calculated using the Wald 2 test for categorical variables. All statistical analyses were performed with SAS 8.2 statistical software (SAS Institute Inc, Cary, NC).
RESULTS

Metformin and Thiazolidinedione Prescription
The characteristics of the patients in the 2 samples are shown in TABLE 1. In 1998-1999, 7.1% of diabetic patients were treated with metformin at hospital discharge (TABLE 2) . By 2000-2001, metformin was prescribed to 11.2% of diabetic patients, a relative increase of 61% (PϽ.001). Use in 2000-2001 increased significantly in patients of all age groups and other strata studied ( Table 2) . Although physicians prescribed metformin less frequently for patients with elevated serum creatinine levels, metformin was used in 4.4% of patients with renal insufficiency in 1998-1999; this increased to 6.7% by [2000] [2001] .
Patterns of use of thiazolidinediones during 1998-1999 were similar to those of metformin. In the remeasurement sample, however, thiazolidinedione prescriptions increased to 16.1%, representing a relative increase of 124% (PϽ.001). By 2000-2001, the use of these agents increased significantly in all patient strata.
By 2000-2001, 24.4% of all patients and more than 20% of patients in nearly all strata were treated with either medication. Exceptions included patients older than 85 years (16.6% treated with either drug) and those with severe left ventricular systolic dysfunction (18.8%).
Admission Medications and Other Discharge Prescriptions
Most patients discharged with a prescription for metformin were taking this medication at admission (88% in 1998-1999 and 87% in 2000-2001, TABLE 3). At discharge, 98% of patients treated with metformin were also prescribed at least one drug commonly used for the treatment of heart failure. More than half of these patients treated were also discharged with a prescription for a sulfonylurea in both periods.
Similarly, more than 80% of patients discharged with a thiazolidimedione prescription were taking a medication in this class at admission. Although concomitant insulin use decreased between sampling frames, 41% of patients discharged with a thiazolidinedione prescription were also discharged with an insulin prescription in 2000-2001. In contrast, concomitant sulfonylurea prescription at discharge among these patients increased from 35% in 1998-1999 to 40% in 2000-2001.
COMMENT
In this study of nationally representative samples of hospitalized heart failure patients with diabetes, the use of antihyperglycemic agents not recommended in the package insert in this setting was widespread. This practice nearly doubled between 1998-1999 and 2000-2001, reflecting increasing popularity and familiarity with these agents by prescribing physicians. Use of these drugs in patient populations at particularly high risk for adverse events (ie, metformin with renal dysfunction or thiazolidinediones with insulin) also increased.
According to the prescribing information approved by the US Food and Drug Administration (FDA), metformin is contraindicated in patients with heart failure requiring drug therapy and thiazolidinediones are not recommended for patients with advanced heart failure. [1] [2] [3] There are several possible explanations for the discordance between these recommendations and the findings of this study. First, some physicians may not be aware of the potential risks of prescribing these medications to patients with heart failure. Second, clinicians may believe that the importance of glucose control overrides the potential risks or that the risks in well-compensated heart failure are reduced. In the case of metformin, this perception may be in part attributable to the "black box" warning, which states that "patients with congestive heart failure requiring pharmacologic management, in particular those with unstable or acute congestive heart failure who are at risk of hypoperfusion and hypoxemia, are at increased risk for lactic acidosis."
1 Finally, physicians may believe that the risks of these drugs are overestimated. Ultimately, however, the assessment of drug safety should emerge from rigorous studies. Therefore, additional data are urgently needed to clarify the optimal approach to the treatment of diabetes in patients with heart failure.
The safety concerns surrounding metformin result from its association with life-threatening lactic acidosis. Although the risk of this complication is reportedly low in general populations (between 2 and 10 per 100000 personyears of treatment), these precautions for metformin likely reflect reports of higher risks in patients with heart failure and renal insufficiency. [8] [9] [10] [11] [12] [13] A recent systematic review by the Cochrane Collaboration 13 of 176 clinical studies with more than 35000 patient-years of follow-up identified no cases of lactic acidosis. Although some of the studies in this review permitted the inclusion of patients with cardiovascular conditions and renal insufficiency, there was inadequate information to estimate the risk of lactic acidosis in these high-risk subgroups. The current recommendations for metformin use may stem not only from the uncertainty surrounding the risk of lactic acidosis in patients with heart failure but also from experience with phenformin hydrochloride, which was withdrawn from the market due to a relatively high risk of lactic acidosis.
The recognition of the potential hazards of fluid retention due to thiazolidinediones in patients with heart failure has increased over time. The original package insert for troglitazone included a statement that use in patients with advanced heart failure symptoms should be considered only if the perceived benefits of treatment outweighed the potential risks.
14 The package inserts for rosiglitazone and pioglitazone were changed in 2000 to include a specific caution to avoid use in patients with class III and IV heart failure unless the benefit was judged to out- weigh the risk. 15 In response to postmarketing events, the FDA strengthened this precaution to a warning in April 2002. 16 Because fluid retention with thiazolidinedione use is not accompanied by decreased left ventricular systolic performance, 17 the clinical relevance of this phenomenon is not clear. A recent series from a single heart failure clinic found that although 17% of patients taking thiazolidinediones developed significant fluid retention after initiation of therapy, this was manifested as peripheral edema and usually resolved promptly with discontinuation of use of the drug. 18 Both metformin and thiazolidinediones exert positive effects on cardiovascular risk factors. 17, 19, 20 Metformin also decreases the risk of macrovascular events in overweight patients with newly diagnosed diabetes. 21 Despite these potential advantages, however, the FDA does not support the current patterns of use of insulin sensitizers in patients with diabetes and coexisting heart failure. Until further data clarify the safety and effectiveness of these medications in patients with heart failure, clinicians must practice contrary to explicit recommendations or use a more limited armamentarium in the treatment of diabetes in patients with heart failure.
National guidelines do not focus extensively on the treatment of diabetes in heart failure patients. The guidelines for diabetes treatment by the American Diabetes Association mention that both metformin and thiazolidinediones are not recommended in many patients with heart failure. 22 The American College of Cardiology/American Heart Association guidelines for the treatment of heart failure mention that thiazolidinediones should be "used with caution" in patients with heart failure but do not note the metformin contraindication. 23 Future guidelines should provide more explicit guidance in defining the safe treatment of diabetes in patients with heart failure. Greater clinical safety data would provide a stronger basis for such recommendations.
Because all patients in this study were hospitalized, we cannot characterize patterns of prescription of insulin sensitizers in a broader range of patients with heart failure and diabetes. Patients hospitalized with heart failure, however, are likely at higher risk for complications from these medications than are ambulatory patients.
Because New York Heart Association classification is not recorded consistently and reliably in hospital records, it is not possible to determine the clinician's assessment of the patient's functional status, which is relevant to the use of thiazolidinediones. However, patients with New York Heart Association class I or II symptoms are unlikely to be hospitalized for heart failure.
In conclusion, this study demonstrates that elderly, diabetic patients hospitalized with heart failure are commonly treated with antihyperglycemic drugs that are not recommended for patients with moderate-to-severe heart failure. There is a need for all parties interested in safe diabetes treatment to increase awareness of the recommended approach to diabetes in patients with heart failure. Further studies are needed to establish whether these drugs can be used safely and effectively in patients with heart failure. Other important questions for future study include whether patients with heart failure and normal systolic function are at the same risk for adverse events as those with reduced systolic function and whether the optimization of heart failure therapy may allow the safe use of these agents in some patient groups. Disclaimer: The content of the publication does not necessarily reflect the views or policies of the Department of Health and Human Services, nor does mention of trade names, commercial products, or organizations imply endorsement by the US government. The authors assume full responsibility for the accuracy and completeness of the ideas presented. This article is a direct result of the Health Care Quality Improvement Program initiated by the Centers for Medicare and Medicaid Services, which has encouraged indentification of quality improvement projects from analysis of patterns of care, and therefore required no special funding on the part of this contractor.
